• The measurement of instantaneous blood flow in the great vessels in man is of importance in the study of circulatory dynamics. 1 With the pressure-gradient technique, 2 it is possible to estimate instantaneous blood velocity in man. However, in order to compute instantaneous blood flow from blood velocity, the radius of the vessel under study must be known at every instant in the cardiac cycle. Thus, a techni(|ue for estimating both the mean vessel radius and the change in radius during a cardiac cycle is needed. It was the purpose of this study to evaluate by an angiographic technique the pressure-radius relationship in the human pulmonary artery and aorta.
Methods Thirteen patients with normal or slightly eleviited pulmonary artery pressures were used for the pulmonary vnsculnv study. Right heart catheterization was carried out in the usual manner. The in till vascular pressure was obtained with n no. 7 Courniuid single-lumen cardiac catheter. The tip of the catheter was placed either in the iniiin or tho right pulmonary artery. The catheter was connected to a Statham P23Db strain gauge transducer, and pressures were recorded on an Electronics for Medicine optical recorder. Another no. 7 catheter, which was used for injection of contrast media, was placed in the superior vena cava at the entrance of the light atrium. After the two catheters were in position, the patient was placed on the Sanchez- 1 was used to inject the contrast medium. Twelve x-ray films were taken at 0.5-second intervals with an exposure time of 0.1 second or less. Thus, for an average heart nite of 70 beats per minute, the films would include approximately six eiirdine cycles. The distance of the x-ray tube from the film was 40 inches. By means of a photocell, the time of exposure of each film was recorded simultaneously with the pulmonary artery pressure.
Twelve subjects with no clinical evidence of cardiovascular disease were used to evaluate the pressure-radius relationship in the descending thoracic aorta. A no. IS Cournand needle was inserted into the right brachial artery and connected to a Statham P23Db strain gauge by a short piece of polyethylene tubing, and the pressure was continuously monitored. A Teflon catheter (TT 18 §) was inserted into tlie aorta from either the left brachial artery or the femoral artery by means of the Seldinger technique. The tip of this catheter was placed in position in the upper descending thoracic aorta. This catheter was used for the injection of the contrast medium, as well as for measurement of the intravasculnr pressure. Essentially the same angiographic technique as previously recorded was used to obtain the aortograms. Since the intravascular pressure at the site of the aorta under study could not be measured, this pressure was recorded immediately before the injection of the contrast medium, along with the brachial artery pressure. The ratio of the brachial artery pulse pressure to the central aortic pulse pressure was assumed to have remained constant After the ratio was determined, the brachial artery pressure was used to calculate any changes in the central aortic pressure that occurred relative to the injection of the contrast medium during the period that the angiograms were taken ( fig. 1 All angiographic measurements were corrected for the projection error of the x-ray beam. The distance of the pulmonary artery from the back of the patient was estimated as 0.6 times the nnteroposterior chest diameter and the position of the aorta as 0.4 times the anteroposterior chest diameter. (The figures 0.4 and 0.6 were estimated from 10 lateral films obtained on normal subjects.) Each value of the vessel radius was measured independently by thi-ee investigators, and the average of these three values was related to the pressure at that instant. From these data, it was possible to estimate the value for the mean nidins as well as the pressure-radius relationship, AR/AP, where AR is the change in radius in centimeters for a change in pressure, AP is cm. H 2 O. Assuming a linear pressure-radius relationship for one cardiac cycle, 6 the maximum variation in radius (ARmai) during a cardiac cycle was calculated by multiplying AR/AP by the pulse pressure. This variation in radius was then expressed as percentage change in radius around the mean radius (R m ) as shown below:
Per cent change in radius around R m = ± AR max X 100
Results
The results are summarized in table 1. The main pulmonary artery was not clearly visualized in all angiograms. Therefore, it was not possible to calculate the ratio AE/AP for this vessel, and only the mean values of radius for this vessel were included in the table. It can be seen that the ratio AR/AP for the descending thoracic aorta is considerably lower than that for the right or the left pulmonary artery. A similar difference between the distensibility of the descending thoracic aorta and the main pulmonary artery has been shown by Patel et al.,' ° using a direct method of measurement.
Since all of the aorta distal to the arch was visualized in the angiograrn ( fig. 2) , it was possible to measure the vessel diameter at various sites. It can be seen in figure 3 that the diameter of the aorta decreases progressively from the upper descending aorta to the bifurcation.
The instantaneous blood flow, £>, is given by the product of the meau cross-sectional velocity, v, and the instantaneous crosssectional area:
where r is instantaneous value of the vessel radius. A change in radius of 6 per cent during a cardiac cycle, as was found in the Circulation Retearch, Volume XI. November 196t
PEESSUEE-EADHTS RELATIONSHIPS IN LABGE VESSELS
DIAMETER c i .
Normal mirtoyram. Arrows indicate the sites where dinmeter measurements trere taken.
right pulmonary artery, if ignored, could introduce an error of about 12 per cent in the flow value computed from the velocity at a given instant. Thus, in order to obtain a more nearly correct value for instantaneous flow, the value of radius must be known at every instant. At the present time, there is no good method for measuring instantaneous radius or diameter in the intact subject. Angiography can provide a rough estimate of the mean vessel size, 7 and if combined with simultaneous pressure measurement, it will also permit a rough estimate of the instantaneous value of the radius during a cardiac cycle.
Greenfield Aortic diameter lit 12 subjects. Heart/ line indicates the mean value of all patients. Th and L refer to the vertebrae over which the measurement was taken.
interesting to note that these results are similar to ours when allowance is made for the fact that we studied the descending thoracic aorta and the major branches of the main pulmonary artery. The similarity of our data with those measured by the direct technique lends further support to the validity of the angiographie technique.
Summary
The radius of the pulmonary arteries and of the descending thoracic aorta in man was measured by augiographic techniques. Simultaneously with angiocardiography, pressure measurements were carried out, permitting calculation of radius-pressure (AR/AP) relationships. The results obtained by this method are similar to those obtained by other methods in which the vessel radius was measured more directly. This volume contains papers presented by noted physiologists and clinicians from Germany, Holland, Sweden, Switzerland, nnd Italy at a symposium in Bremen, Germany. The presentations deal with basic theories, methodological possibilities, and clinical applications of dptennining the oxygen content in the arterial blood by means of photo-electric measuring devices. Actually, as Dr. Kramer explains in the preface, oxymetry, as used today, comprises threp independent investigational methods: (1) photo-electric measurement of the oxygen saturation of hemoglobin in the circulating or drawn blood (this constitutes the original method of oxymetry) ; (2) photo-electric plethysmography; and (3) photo-electric measurement of dye concentration curves. The papers which were presented can bo divided into these three categories. The mat.erinl is necessarily very technical and probably of interest primarily to scientists and clinicians working with the described methods. For those, however, it constitutes a worth-while reference work on theories, methods, and practical results. Each paper is followed by a bibliography. Interesting discussions nre appended to some of the presentations. This book represents the proceedings of an informal discussion convened jointly by the Faradny Society and the British Society of Rhoology. The first part of the book defines many terms in common usage in rheology and describes some of the complex behavior which is shown by solutions containing large molecules. This is followed by 2] papers on properties of blood, i.e., on anomalous viscosity, differential flow velocities, wall adherence, turbulence, rheodichroism, thrombelastography, and sedimentation. The properties of fluids other than blood are also discussed.
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